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GROUND-WATER POTENTIAL OF THE LEADVILLE LIMESTONE ON THE 
WHITE RIVER UPLIFT IN GARFI ELD AND RIO BLANCO COUNTIES, COLORADO

By Ralph W. Teller and Frank A. Welder

ABSTRACT

The Leadville Limestone of Mississippian age crops out in a large area 
in the western part of the White River Uplift in northwestern Colorado. 
Preliminary studies indicate that the Leadville is extensively fractured, 
cavernous, and water bearing and is recharged by precipitation, snowmelt, and 
streamflow. Water from 100 springs flowing from the Leadville is chemically 
suitable for most uses; specific conductance ranges from 45 to 1,950 micro- 
mhos per centimeter at 25° Celsius. The water is of the calcium carbonate 
type and is successfully used in the raising of game fish. On the flanks of 
the White River Uplift, where the Leadville dips into the subsurface, the 
formation probably is permeable and water bearing. Exploratory drilling and 
testing are needed to determine more exactly the water-bearing potential of 
the Leadville Limestone and its potential as a water supply for expanding 
energy development in the area.

INTRODUCTION

Expanded development of energy resources in northwestern Colorado is 
creating additional demands on the limited surface-water resources of the 
region. Along with the water demands for energy development is the threat of 
ecological deterioration as the natural flow of streams is decreased. Tradi 
tional surface-water impoundment for streamflow regulation is being chal 
lenged from both environmental and economic standpoints. Before irreversible 
management decisions are made to undertake the costly development of surface- 
water supplies, the potential of the ground-water resources needs to be 
defined and considered.

During the 1960's investigations by the U.S. Geological Survey deter 
mined that large quantities of ground water, perhaps 25 million acre-feet or 
more, occur above, within, and below oil-shale deposits in the Green River 
and Uinta Formations of Eocene age in the Piceance Basin of northwestern Col 
orado. Recent studies indicate that another major source of ground water may 
be the Leadville Limestone of Mississippian age. The Leadville is exposed 
throughout a large area on the White River Uplift and is directly recharged 
by precipitation, snowmelt, and streamflow.



Hydrogeologic evidence indicates that the Leadville Limestone is a major 
aquifer and that large quantities of ground water have entered and are moving 
through the formation into the subsurface toward the south, west, and north 
west away from the White River Uplift. The Leadville Limestone on the flanks 
of the White River Uplift at relatively shallow depths 
may constitute a major underground reservoir
is chemically suitable for most uses, 
test holes could confirm this hypothesis.

The

of about 1 ,000 feet 
[aquifer) containing water that
drilling of several exploratory

Purpose and Scofre

This report describes a preliminary reconnaissance of the water-bearing 
properties of the Mississippian Leadville Limestone in the western part of 
the White River Uplift (synonymous with the White River Plateau). The purpose 
of this preliminary investigation is to determine areas of the Leadville 
Limestone suitable for exploratory drilling aihd testing at relatively shallow 
depths to confirm the quantity and quality of:water in storage.

Location and Size of SjLudy Area

study area, approximately 420 squareThe
Garfield 
White River Plateau, which is the physiograph

Counties (fig. l) in northwestern Colorado on

Uplift. The Plateau is bounded by the White River on the north, the volcanic 
Flat Tops on the east, and the Grand Hogback monocline on the south and west. 
The southern part of the study area is drained by tributaries of 
River; the northern part is drained by the Wh 
Land-surface altitudes range from about 6,500 
more than 10,000 feet on Burro Mountain.

miles, is i n Rio 
the west

Blanco 
flank of

and 
the

c expression of the White River

the Colorado 
ite River and its tributaries, 
feet in the southern valleys to

Previous Investiga t ions

Some of the most detailed geologic wo rk on the White River Uplift was
done by Bass and Northrup (1963). The study! by MaHory and others (1966) of 
the geology of the Flat Tops Primitive Area w^s followed by Mallory's (1971) 
detailed work on the Eagle Valley Evaporite of Pennsylvanian age.

GEOLOGY 

Stratigraphy

Rocks in the study area range in age from 
(see table 1). This investigation is concerned 
Limestone of Mississippian age.

Precambrian through Quaternary 
primarily with the Leadville
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Ta b 1 e 1 .   Geneva lized geohyd?

:ra- 
them

Cenozolc

Hesozoic

Paleozoic

System

Quater 
nary

Terti- 
ary(?)

Creta 
ceous

Jurassic

Triasslc

Permian 
and 

Pennsyl 
vanian

o

Pennsylvanian -

Mississlpplan

Devonian

Ordo- 
vician

Cambrian

Series

Holocene 
and 

Pleistocene 
     ?     
Pliocene(T) 

and 
Miocene(?)

Upper

Lower

Upper

Middle

Upper

Middle 
and 
Lower

Middle

Lower

Lower

Upper

Lower

Upper

Precambrian 
i

St rat igraphic unit

Glacial, landslide, 
and alluvial de 
posits

Basalt flows and 
intrusives

Mesa Verde Group

Mancos Shale

Dakota 
Sandstone

Mor risen 
Formation

Entrada 
Sandstone

Chinle Formation

Moenkopi 
Formation

Weber Sandstone

Maroon Formation

Eagle Vat ley 
Evaporite

Bel den Formation

Molas Formation

Leadvi 1 le 
Limestone

Chaffee Formation

Manitou Formation

Dotsero Formation 
and Sawatch Sandstone

Granitic rocks, 
undivided

ologic eee 'ion of the White River Uplift

Physical characteristics

Gravel, Sand, loess, and clay, undif- 
ferentiated; travertine deposits.

Dense resistant alkali basalt in lava 
flows, interbedded tuffs and volcanic 
conglomerates. |

Sandstones, shale, and coal.

Sandstone and gray 
shale.

Sandstone or quart: 
ded dark shale ar

Variegated shale ar 
stone and local 12 
gray-green 1 imest

Sandston e, mudstone

Sandstone, mudstone 
ates.

to dark gray marine

ite; some interbed- 
d s ha ley sandstone.

d mudstone, sand 
ed beds of gray and 
one.

, and si Its tone.

, and conglomer-

Gypsum, anhydrite, interbedded silt- 
stone, and some dolomite.

Limestone, sands tonle, and orange to 
purple or dark gray shale.

Limestone, massive, 
mittently fossil i 
coarsely crystal 1 
gray; forms the m 
1 ight-gray cl iff 
dolomite, interbe 
gray, finely crys 
contains a few no 
gray and dark-gra 
to 4 inches thick 
long; general ly m 
as much as 4 feet 
argillaceous and 
cleaty vertical f

Limestone conglomer 
Sandstone, and qu

Schist, granite, gr 
and gneiss.

4

oolitic, Inter- 
Ferous, finely to 
Ine, gray to 1 ight- 
ast conspicuous 
in the area; and 
Jded, gray to dark- 
tal I ine to dense; 
iules and lenses of 
/ chert commonly 2 
and 4 to 18 inches 

fssive but some beds 
thick are si ightly 

weather with a 
racture.

fite, sandy dolomite, 
irtzite.

eenstone, pegmatite,

Hydrologic characteristics

Some shallow wells yield less than 
50 gallons per minute.

Shallow fracture systems draining in 
springs and seeps.

No data col lected.

No data collected.

No data collected.

No data col lected.

No data col lected.

No data col lected.

E vapor ites would degrade quality of 
water in aquifer adjacent to this 
formation.

Some springs probably at contact be 
tween Pennsylvanian strata and 
karst top of Leadvi lie Limestone.

Large springs issue from the lower 
one-half of the formation where 
extensive fracture and solution 
cavities have formed. Evidence of 
the fractured and cavernous nature 
of this part of the formation can 
be seen in Glenwood Canyon and the 
Spring Cave area of the South Fork 
White River upstream from South 
Fork Campground. Numerous springs 
discharge along East Rifle Creek 
upstream from the fish hatchery. 
Large travertine deposits exist 
downstream from the hatchery.

No data col lected.

Some large springs reported on 
White River Plateau.

No data collected.

i



Precambrian Rocks

Precambrian gneiss and schist extensively intruded by granite are 
exposed in the canyon walls of the South Fork White River and some of its 
tributaries, such as Patterson Creek (fig. 2), and in Glenwood Canyon of the 
Colorado River east of Glenwood Springs.

Paleozoic Rocks

Rocks of Paleozoic age (near Glenwood Springs) are described by Bass and 
Northrup (1963). The oldest are Late Cambrian and consist of the Sawatch 
Sandstone and Dotsero Formation. The Sawatch is about 500 feet of sandstone 
and quartzite, and the Dotsero is about 100 feet of sandy glauconitic 
dolomite. The Ordovician Manitou Formation is a limestone conglomerate about 
100 feet thick which is overlain by 50 feet of gray dolomite. Unconformably 
overlying the Manitou is the Chaffee Formation of Devonian age, which is 
about 2^6 feet thick. The lower 9^ feet is mostly quartzite and interbedded 
shale; the upper 152 feet is interbedded limestone and dolomite (pi. 1).

According to Bass and Northrup (1963)> the overlying Leadville Limestone 
"...whose thickness ranges from 175 to 225 feet, consists chiefly of lime 
stone, although the lower one-third of the formation contains interbedded 
dolomite and limestone, many beds of which contain chert." A thickness map 
by DeVoto (1980, p. 60) indicates that the Mississippian rocks thicken appre 
ciably westward, attaining a thickness of 500 feet in the Piceance basin and 
700 feet at the Utah-Colorado State Line.

The purplish-red clay resting on the weathered surface of the Leadville 
Limestone is the Molas Formation, which is mainly residual material derived 
from solution of the underlying limestone. It is about 9 feet thick near 
Glenwood Springs. The Molas is considered to be the lowermost unit of the 
Pennsylvanian and is overlain, in ascending order, by (a) the Pennsy1vanian 
Belden Formation, about 900 feet of dark gray limestone and shale; (b) the 
Pennsylvanian Eagle Valley Evaporite (fig. 3), a sequence of interbedded gyp 
sum and shale about 1,500 feet thick; and (c) the Pennsylvanian and Permian 
Maroon Formation, a sequence of red sandstone and shale more than 3,000 feet 
thick. The Eagle Valley Evaporite and the Maroon Formation, though present 
in a well near Meeker, thin and disappear north and west of that city. The 
Weber Sandstone is not found inside the project area, but it does approach 
the uplift on the southern flanks.

Mesozoic Rocks

Mesozoic rocks are exposed on the southwest, west, and northwest margins 
of the White River Uplift, but at present (1983) an investigation of these 
rocks is not considered essential to this study. The Cretaceous Mesaverde 
Group consists of sandstone and intercalated thin shale beds perhaps as thick 
as 3,000 feet. The Mesaverde forms the topographically prominent Grand Hog 
back where the strata dip steeply westward into the Piceance basin (fig. 2).
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Base from U. S. Geological Survey 
1:500,000 State base map, 1969

Modified from W.W. Mallory, 1971

10 20

0 10 20 30 KILOMETERS

30 MILES

Figure 3. Extent and thickness of the Eagle Valley Evaporite in northwestern Colorado.



Cenozoic Rocks

Cenozoic rocks are the youngest rocks in the study area and consist 
mainly of Quaternary alluvium along stream courses, glacial deposits at 
higher altitudes, and the travertine deposits west of Glenwood Springs. 
Basalt flows occur extensively north of the South Fork White River, and a few 
outcrops of this type have been mapped between the South Fork and the Colo 
rado River.

Structure

The White River Uplift is a broad dome about ^0 miles long and 20 miles 
wide with a maximum altitude of more than 12,000 feet above sea level. Bass 
and Northrup (1963) report numerous faults on the uplift, 
rock are extensively fractured. The Leadville Limestone is
lying in the central part of the study area 
uplift on the southern, western, and northern

). A broad 
reentrant or

the 
axis

structure-contour 
forms a prominent

map (fig. 
structural

Outcrops of bed- 
relatively flat

HYDROGEOLOGIC CHARACTERISTICS OF THE;

but dips steeply away from the 
sides of the area, as shown on 
syncline having a north-dipping
the north side of the uplift.

LEADVILLE LIMESTONE

The importance of an aquifer as a source of ground water is largely 
related to its ability to store water (porositjy) and to transmit water (per 
meability). Although neither of these characteristics has been determined by 
testing the aquifer in the study area, some information can be obtained from 
studies of similar geologic formations in other areas. Porosity and perme 
ability in conjunction with the locations and 'quantities of recharge and dis 
charge determine the flow pattern in the aquifer.

Porosi ty

The quantity of water that a geologic 
related to the porosity of the rock. Primary

formation can store is directly 
porosity consists of the origi- 
rock unit is formed. Con soli-nal interstices or void spaces created when £ 

dated rocks, like Paleozoic limestone or dqlomite, commonly have little 
interparticle or intercrystal1ine porosity, bqt fractures and faults may pro 
vide appreciable secondary porosity. Ground water dissolves carbonate rocks, 
such as limestone or dolomite, along fracturjes, faults, and bedding planes, 
greatly increasing the porosity. Because fracjture and solution cavities vary 
considerably in size and development within sl-ort distances, it generally is 
difficult to calculate precise values of 
geographic area.

If a reasonable value for porosity and th 
stone are assumed, the volume of water stored

he porosity of rocks in a given

e extent of the Leadville Lime- 
in the Leadville can be esti

mated. On the western flank of the White River Uplift the Leadville Limestone 
dips westward beneath the ground surface. For this region it is assumed that:
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(1) The formation is saturated and under artisian pressure; (2) the water is 
economically recoverable where drilling depth to the top of the formation is 
1,000 feet or less; (3) the formation is 300 feet thick, 1 mile wide (from 
outcrop to depth of 1,000 feet), and 20 miles long; and (4) the porosity is 
10 percent. Based on these values, the calculated quantity of ground water
in storage is 
approximately 
storage could

384,000 acre-feet. If these va
the size of 

exceed 10 mi 1

ues are extended
the western one-half of the Uplift, 
ion acre-feet.

to an area 
the estimated

Permeabi1i ty

The permeability of the Leadville Limestone is a consequence of the lo 
cally interconnected fracture, faults, and solution channels that allow water 
to move through parts of the formation. Evidence that very large quantities 
of water have moved, and are still moving, through the Leadville Limestone is 
provided by the prevalence of caves, karst topography, residual soil, traver 
tine, solution-widened fractures, springs, and seeps. The presence of these 
features 
1arge.

indicate that the permeability and porosity of the Leadville may be

Most caves and other solution openings 
in nearly pure limestone which, when fracturec 
through, and discharge from the formation; t\ 
ties of dissolved solids. Left behind are equa 
permeability and relatively small quantit 
clay. The White River Plateau contains 62 known 
area of comparable size in Colorado (Parris, 
to be formed within the Leadville Limestone, 
explored for miles. Large pools of flowing water 
Cave on the South Fork White River, the third

in the study area are developed 
, permits water to enter, move 
is water contains large quanti- 

ly large voids that increase 
les of insoluble residue such as

caves--more than any other 
973)  Al1 the caves are thought 
Some of these caves have been

have been reported in Spring 
largest cave in the State.

Karst topography forms on a limestone surface where the solution action 
of ground water dissolves parts of the bedrock, creating surface depressions 
and sinks. The development of karst topography increases the permeability of
limestone formations. Wherever the top of
study area, the karst topography is conspicuous. It is especially well devel 
oped in the canyon of the Colorado River (Glenwood Canyon) on the east edge 
of the city of Glenwood Springs. The karst *" ' ... ..  .   f 
of several tens of feet and in many places is 
regolith. This residual soil is so widespread 
been given the name Molas Formation.

the Leadville is exposed in the

surface has a topographic relief 
covered with a residual soil or 
in western Colorado that it has

According to Tweto (19^9)> after deposi 
during Early Mississippian time, western Colorado 
of subaerial weathering sufficient to develop 
in many areas. Mallory (1960) adds that "Deve 
the erosion interval was the red Molas Fc 
deposit widely distributed in western Colorado 
describe the regolith near Glenwood Springs 
surface of the Leadville Limestone is a sequence

ion of the Leadville 
was exposed to an

Limestone 
interval

a mature topography, or karst, 
loped by this weathering during 
rmation, a regolithic to marine 
." Bass and Northrup (1963) 
, saying that "Lying on a karst 

of dull purplish-red clay

10



that contains smooth nodules and boulders of chert and ranges in thickness 
from 1 to 25 feet. The sequence constitutes the Molas Formation." In a well 
drilled on the Meeker Dome (3 miles east of Meeker), the Molas Formation was 
found on top of the Leadville Formation at depths ranging from 6,050 to 
6,080 feet. Turnbow (1961) and Merrill and Winar (1961) confirm that the 
Molas Formation is present throughout much of southwestern Colorado. Landon 
and Thurman (1955) state that the Molas "...is generally less than 50 feet in 
thickness, though as much as 200 feet has been reported..." in northwestern 
Colorado.

The presence of enormous deposits of travertine is additional evidence 
indicating that considerable porosity and permeability have been developed in 
the Leadville Limestone. Travertine is composed mainly of calcium carbonate 
deposited by the evaporation of spring or stream water. Water moving through 
the Leadville dissolves the calcium carbonate, discharges from the formation, 
and precipitates the calcium carbonate in stream beds or near springs. Bass 
and Northrup (1963) observe that "Travertine suitable for building purposes 
is present in an area of 80 acres or more about 1 mile northwest of Glenwood 
Springs. The thickness of the travertine ranges from 3 to 40 feet." The 
source of the calcium carbonate is the Leadville Limestone immediately north 
of the travertine deposit.

Equally impressive are the travertine deposits at Rifle Falls, where the 
water of East Rifle Creek pours over massive deposits as thick as 80 feet and 
as wide as 900 feet that extend upstream more than a mile to the Rifle Falls 
Fish Hatchery. The hatchery is located immediately downstream from an outcrop 
of the Leadville Limestone. Springs from the Leadville provide the base flow 
of the creek as well as calcium for the fish.

Geologic history indicates the processes by which solution-widened 
fractures developed the significant permeability of the Leadville Limestone. 
By the beginning of the Pennsy1vanian Period, some 330 million years ago, the 
Leadville Limestone had already been fractured and exposed to ground-water 
flow and solution for a long time long enough to develop a mature karstic 
drainage system including caverns, sinkholes, and residual soil. Later defor 
mation of the region during the Cenozoic Era (beginning 63 million years ago) 
formed the White River Uplift and created additional faults and fractures 
which contributed to further development of permeability. Data in a report 
by Rinkenberger S Associates, Inc. (1981), indicate dominant fracture trends 
in nearly east-west, north-northeast to south-southwest, and northwest- 
southeast directions. Bass and Northrup (1963) in their investigation of the 
White River Uplift north of Glenwood Springs, note that "All brittle beds in 
the area are jointed. Commonly two sets of joints are present and their 
trends are at approximate right angles to each other. Joints are well devel 
oped and exposed on many parts of the broad plateau part of the area where 
broad areas of bare rock exposures are common." Both on the ground and in 
flights over the subject area, one can observe numerous fractures wherever 
bedrock is exposed.

11
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Springs and seeps are prevalent in the stiudy area. The results of an 
inventory of the springs and a seepage run along East Rifle Creek are pre 
sented in the section on "Springs."

Flow Pattern

Where the geologic formations in the study
exposed, ground-water recharge by infiltration of rain

area are fractured and 
snowmelt, and stream-

ato Hoeger (1£69) the White River Uplift is 
potentiometric

flow takes place. According
major area of recharge. Using potentiometric maps derived from drill-stem- 
test data, Hoeger concluded that- water in the Weber, Entrada, and Dakota 
Sandstones moves westward and northwestward from the area of recharge toward 
an area of presumed discharge near the Utah-Colorado State line. The dis 
charge area is characterized by many springs. The flow pattern in the Lead- 
ville Limestone probably 
Hoeger. If so, the springs 
the Leadvi1le.

paralleis that of 
in the discharge c

SPRINGS

the three formations studied by 
rea may derive their water from

During the 1981 field season, 100 
measurements made (table 2). Measured di 
the Leadvilie Limestone ranged from 0.37 to 
tion to spring-discharge measurements, a 
East Rifle Creek downstream from the confl 
2.5 miles upstream from the Rifle Falls Fish 
Falls upstream from the diversion point for 
Discharge from the Leadvilie Limestone to 
measured 28 cubic feet per second.

springs were inventoried and onsite 
scharges of the springs flowing from 

4CO gallons per minute. In addi- 
seepage run was made August 18, on 

uence with Huffman Gulch, which is 
Hatchery, to the base of Rifle 
the Grass Valley Canal (pi. 2). 

East Rifle Creek along the reach

Water Qua!?ty

Water-quality samples were collected to 
the Leadvilie Limestone and its suitability fc

determine the type of water in 
r industrial and domestic use. 
springs which were analyzed atRepresentative analyses of water from seven 

the U.S. Geological Survey Denver Central Laboratory are presented in 
table 3« Onsite measurements of specific conductance ranged from 45 to 
1,950 micromhos per centimeter at 25° Celsius and temperature ranged from 
3.5° to 28° Celsius (table 2). Laboratory anjalyses of samples from selected 
springs indicate the water is of the calcium darbonate type. Values for all 
major constituents analyzed generally were within accepted limits for potable 
water supplies (table 3)- The satisfactory quality of the water is confirmed 
by the continued use of several springs in the Leadvilie for domestic pur 
poses (campgrounds, cow camps, and summer cabins) and by the extensive use of 
water from the Leadvilie for trout-rearing ponds and domestic supply at the 
Rifle Falls Fish Hatchery.

12
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Numbering Systen

The system used to locate and number springs (fig. 5) uses the 14- 
character code of the U.S. Bureau of Land Management's land-subdivision sys 
tem. The first character is an S, which indicates that the spring is located 
in the area covered by the Sixth Principal Meridian. The next letter denotes 
the quadrant formed by the intersection of the; base line (parallel) with the 
principal meridian. The quadrants are designated A, B, C, or D in a counter 
clockwise manner with the northeast quadrant being A 
designate the township, the next three designate the 
designate the section. Each section is then divided 
A, B, C, or D in a counterclockwise rotation, with 
being A. This is done again for the quarter-quarter 
quarter-quarter section. The three letters following the number designation 
of township, range, and section indicate the spring position first in the 
quarter section, then in the quarter-quarter section, and then in the 
quarter-quarter-quarter section. The final number is the order in which the 
spring in the designated quarter-quarter-quarter section was inventoried. 
A spring numbered SC00509101BBB1 would be the first one located in the 

i sec. 1, T. 5 S., R. 91 W.

The first three numbers 
range, and the last two 
into quarters designated
the northeast quarter 

section and the quarter-

NEED FOR FUTURE INVEST

Seepage-Run Analysi s

Seepage runs on East Rifle Creek during 
significant ground-water discharge into tributa 
Plateau. Additional seepage data need to be col 
River and other major streams to better determi 
ville Limestone contributes to the Colorado 
These data could be used to establish discharge 
water development in the area and to monitor 
streams of test-well pumping.

CATIONS

1:he 1981 field season indicate 
ries draining the White River 
ected on the South Fork White 

ine how much water the Lead- 
and the White River drainages, 
conditions prior to ground- 

the possible effects on gaining

18



Spring SC00509101BBB1

Figure 5.  System of spring location used in Colorado.
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sotope Studie$

A reconnaissance study 
ratios in water from the Leadvi 
hydrogen, and oxygen have been 
age between aquifers, relations 
of fractured rocks, and minera 
If the isotope ratios are suffi 
Leadville, these and subsequent 
movement and quality.

needs to be 
1le Limestone, 
used to study 
between surface 
1-water interact 
ciently distinct 
samples can be

made of selected stable isotope 
The stable isotopes of carbon,
recharge of ground water, leak- 
and ground water, hydrology 
ions (Fritz and Fontes, 1980). 
ive in water samples from the 
used to study aspects of water

Exploratory Dri1

A proven method of determining whether the Leadville Limestone in the 
subsurface actually contains large quantities of water in storage is through 
exploratory drilling and testing. Some considerations for the selection of 
exploration sites are: j

1.
2.
3.
k.
5.
6.

Proximity to facilities.
Topography and drainage.
Physical accessibility.
Legal accessibility and drilling permits.
Geology, including overburden and dri 
Potential drilling problems.

No specific site for test drill 
logic and economic data are inadequate 
However, logical exploration sites 
northern sides of the study area where 
and has low angles of dip (fig. 6) 
wells and the uncertainty of hydrologi 
logic data obtained from wells less 
sufficient to determine if deeper well

11i ng depth

ing has been selected because geohydro-
Onsite reconnaissance may be needed.

selected would be on the western and
the Lesidville is near the land surface

Because of the cost of drilling deep
c conditions at great depths, geohydro-
than 1,500 feet deep probably would be

s were needed.

The drilling program could be completed during three field seasons. 
During the first field season, site selections could be made, site surveys 
completed, and necessary permits and permission agreements acquired. Drilling 
specifications and contracts also could be written at this time. During the 
second field season three test holes could be drilled and logged on the pri 
mary test site. Depending on conditions or problems encountered, such as 
artesian flow, dry holes, or contamination from other zones, drilling and 
aquifer testing could be completed within 12 months. During the third season
three additional test holes could be drilled, 
ondary test site to confirm primary test res
tent of porosity, permeability, and quantity of water stored in the aquifer.

20

logged, and tested on the sec- 
ults and evaluate the areal ex-



RIO BLANCO 
GARFIELD CO

Glenwood 
Canyon
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CONCLUSIONS

Northwestern Colorado contains the 
world, and the coal beds of the area are som
United States. Development of the shale oi 
plies of water and, therefore, 
water resources of the region. The availabi 
not well known. Other formations studied in

lar jest
5 Of

reserves of shale oil in the 
the most extensive in the

and coal may require large sup- 
may create additional demands on the surface- 

ity of ground water, however, is 
the Piceance basin have been

estimated to contain several million acre-foet of water generally chemically
suitable for most uses, and the ground-water 
Colorado probably are much larger.

resources of all of northwestern

Preliminary studies indicate that large quantities of water may be 
available in the Mississippian Leadville Limestone on the southern, western,

Uplift. The Leadville is about 
very permeable at least in

and northern flanks of the White River 
200 feet thick, has solution openings, and i 
places. Much of this permeability, as evidenced by the extensive paleokarst 
topography throughout most of western Colorado, had developed by the begin 
ning of the Pennsylvanian Period. The Leacville provides water 
100 springs and probably forms a major aquifer system that might
cium carbonate
Uplift.
in the

to at least 
yield cal-

on the flanks of the White River
The quantity of ground water in storage in the Leadville Limestone 

western one-half of the White River Lplift area may exceed 10 million

type water to shallow wells

acre-feet. Exploratory drilling and testing
depths of 1,500 feet are needed to evaluate the potential of this aquifer for 
providing large supplies of water.

SELECTED iiREFERENCES

of the Leadville Limestone to

geochemistrjy of the Leadville Limestone
hydrothermal, 
Dissertation

:r]y 
iqiei

Barnes, J. G., and 
report, Yellow 
U.S. Bureau of 

, N. W., and 
River Uplift,

Banks, N. G., 1968, Geology and
(Mi ssissippian, Colorado) and its diaglenetic, supergene 
and metamorphic derivatives [abs.]: Ajnn Arbor, Mich., 
Abstracts, v. 28, no. 9, p. 37^7B-37^8B.| 

____1970, Nature and origin of early and late charts in the Leadville Lime 
stone, Colorado: Geological Society of America Bulletin, v. 8l, no. 10, 
p. 3033-30^8.

Olsen, J. A., 1967, Ripple Damsite feasibility geology 
Jacket Project, Colorado:) Grand Junction Projects Office, 
Reclamation, 5 P-, 15 illustrations.
Northrup, S. A., 1955, Lojver Paleozoic rocks of the White 

Colorado: Guidebook to the geology of northwest Colorado, 
Rocky Mountain Association of Geologists,, p. 3~9-
1963, Geology of the Glenwood Springs]quadrangle and vicinity, north- 

Geological Survey Bulletin 11^2-J, Ik p. 
and Mississippiah stratigraphy of central and 
in Symposium on |_ower and Middle Paleozoic rocks 
conference: Denyer, Colo., Rocky Mountain Asso- 

p. 25-35.

Bass

western Colorado: U.S.
Bloom, D. N., 1961, Devonian

northwestern Colorado,
of Colorado, 12th field
ciation of Geologists, 

Brainerd, A. E. , and Johnson, J. H. , 193**, Mi $s i ss ippian of Colorado: Ameri 
can Association of Petroleum Geologists Bulletin, v. 18, p. 531~5^2.

22



Brill, K. G. , Jr., 1944, Late Paleozoic stratigraphy, west-central and 
northwestern Colorado: Geological Society of America Bulletin, v. 55, 
p. 632-633.

Brown, R. F., 1966, Hydrology of the cavernous limestones of the Mammoth Cave 
area, Kentucky: U.S. Geological Survey Water-Supply Paper 1837, 64 p.

Conley, C. D., 1965, Petrology of the Leadville Limestone (Mississippian) , 
White River Plateau, Colorado: The Mountain Geologist, v. 2, no. 3, 
p. 181-182.

Crews, George, 1962, Geology of a part of northeast Moffat County, Colorado: 
Golden, Colorado School of Mines (unpublished Master's thesis), 124 p.

Crowley, A. J., 1955, A structural history of northwestern Colorado and parts 
of northwestern Utah, -in Guidebook to the geology of northwest Colorado, 
6th Annual Field Conference: Salt Lake City, Utah, Intermountain Asso 
ciation of Petroleum Geologists: p. 53"55-

DeVoto, R. H., 1980, Mississippian stratigraphy and history in Colorado, -in 
Colorado Geology: Rocky Mountain Association of Geologists, p. 57~70.

Donnell, J. R., 1958, The Weber Sandstone in the White River Uplift, in Sym 
posium on Pennsylvanian rocks of Colorado and adjacent areas: Denver, 
Colo., Rocky Mountain Association of Geologists, p. 95~98.

Folk, R.L., 1959, Practical petrographic classification of limestones: Ameri 
can Association of Petroleum Geologists Bulletin, v. 43, no. 1, p. 1-38.

Fritz, P., and Fontes, J. C., 1980, Handbook of environmental isotope geo 
chemistry-Chapter 3' New York, Elsevier, p. 75-140.

Goodel1, H. G., and German, R. K., 1969, Carbonate geochemistry of superior 
deep test well, Andros Island, Bahamas: American Association of Petro 
leum Geologists Bulletin, v. 53, no. 3, p. 513*536.

Hallgarth, W. E., and Skipp, B. A. L., 1962, Age of the Leadville Limestone 
in the Glenwood Canyon, western Colorado: U.S. Geological Survey Profes 
sional Paper 450-D, p. D37-D38.

Haun, J. D., and Keat, H. C., 1965, Geologic history of the Rocky Mountain 
Region: American Association of Petroleum Geologists Bulletin, v. 49, 
p. 1781-1800.

Hess, J. W., and Mifflin, M. D., 1978, A feasibility study of water produc 
tion from deep carbonate aquifers in Nevada: Reno, University of Nevada, 
Desert Research Institute, Publication No. 41054, unnumbered.

Hoeger, R. L., 1969, Hydrodynamic evaluation, northwest Colorado-northeast 
Utah Report prepared for U.S. Geological Survey: Denver, Colo., 28 p.

Johnson, J. H., 1945a, Calcareous algae of the -upper Leadville Limestone near 
Glenwood Springs, Colorado: Geological Society of America Bulletin, 
v. 56, p. 829-847.

____1945b, A resume of the Palezoic stratigraphy of Colorado: Golden, Colo 
rado School of Mines Quarterly, v. 40, no. 3, P- 1-109.

Landon, R. E., Jr., and Thurman, F. A., 1955, Pennsylvanian of northwest 
Colorado, in Guidebook to the geology of northwest Colorado, 6th Annual 
Field Conference: Salt Lake City, Utah, Intermountain Association of 
Petroleum Geologists, p. 12-15.

Lindholm, R. C., 1969, Detrital dolomite in Onodaga limestone (on Middle 
Devonian) of New York Its implications to the "dolomite question": 
American Association of Petroleum Geologists Bulletin, v. 53, no. 5, 
p. 1035-1042.

23



Levering, T. S., and Mallory, W. W., 1962, The Eagle Valley Evaporite and its 
relation to the Minturn and Maroon Formations, northwest Colorado: U.S. 
Geological Survey Professional Paper 4£o-D, p. D45-D48.

Lucia, F. J., 1962, Diagenesis of a Crinoid&l sediment: Journal of Sedimen 
tary Petrology, v. 32, p. 848-865.

MaClay, R. W., and Smell, T. A., 1976, Progress report on geology of the
Edwards aquifer, San Antonio area, Texa 
of borehole geophysical and laborat
Geological 

MacQuown, W. C.
Survey Open-File Report 76-627,
Jr., 1945, Structure of the;

wood Springs, Colorado: Geological Society of America Bulletin, v. 56, 
p. 877-882.

Mallory, W. W. , 1960, Outline of Pennsyl van 
Weimer, R. J., and Haun, J. D. , eds.,

s, and preliminary interpretation
ory data 

65 p
on carbonate rocks: U.S

White River Plateau near Glen-

an stratigraphy of Colorado, in 
Guide to the geology of Colorado:

Geological Society of America, Rocky Mountain Association of Geologists,
and Colorado Science Society, Denver, p. 23~33- 

____1971, The Eagle Valley Evaporite, 'northwestern Colorado A regional
synthesis: U.S. Geological Survey Bulletin 1311-E, 37 p. 

Mallory, W. W., Post, E. V., Ruane, P. J., Lehmbeck, W. J., and Stotelmeyer,
R. B., 1966, Mineral resources of the
rado: U.S. Geological Survey Bulletin

Flat Tops primitive 
1230-C, 30 p.

area, Colo-

Merrill, W. M., and Winar, R. M., 1961, Miss 
in southwestern Colorado, in Sympos 
rocks of Colorado: Denver, Rocky Mountain Association of

81-90.
L. E., 1973, Caves of Colorado (1st ed.)

P-
S Associates, Inc.

P. 
Pa rri s,

Co., 247 
Ri nkenberger

ssippian-Pennsy1vanian boundary 
urn on Lower and Middle Paleozoic

Geologists,

Boulder, Pruett Publishing 

1981, Composite satellite imagery linear
prepared for U.S 
Colo: Denver, 21

Geologicalanalysts--Northwestern Colorado; report 
Survey, Water Resources Division, Denve 

Rothrock, D. P., I960, Devonian and Mississlppian systems, in Weimer, R. J., 
and Haun, J. D., eds., Guide to the geology of Colorado: Geological 
Society of America, Rocky Mountain Association of Geologists, and Colo 
rado Science Society, p. 17~22.

Sands, W. J., 1974, Ancient solution phenomera in the Madison Limestone (Mis- 
north-central Wyoming: U.S. Geological Survey Journal of 
no. 2, p. 133-141. '

sissippian) of 
Research, v. 2

Stone, D. S., 1975, 
ern Colorado, 
Rocky Mountains: 
P. 33-^0.

Thrail kill, J., 1968, 
1 imestone caves:

A dynamic analysis 
in Symposium on 

Denver, Rocky

of subsurface 
Deep Dri11i ng
Mounta n

structure n 
Frontiers in 

Association of

northwest- 
the Central 
Geologists,

Chemical and hydrologic factors in the excavation of 
Geological Society of: America Bulletin, v. 79, p. 19-

Turnbow, D.R., 1961, Devonian and Mississippi 
gion, in Lower and Middle Paleozoic Rock 
Rocky Mountain Association of Geolog 
no. 12, p. 71-80.

Tweto, 0. L., 1949, Stratigraphy of the Pando 
Colorado Scientific Society Proceedings,

We Her, J. M. , and others, 1948, Correlation 
of North America: Geological Society of 
p. 91-196.

U.S. Government Printing Office 1983 - 681-215/478 Reg. 8 2k

n rocks of the Four Corners Re-
of Colorado Symposium: Denver,

sts, Field Conference Guidebook

area, Eagle County, Colorado: 
v. 15, no. 4, p. 149-235. 
of the Mississippian formations 
America Bulletin, v. 59, no. 2,


